Mechanism for the transport of ammonia within carbamoyl phosphate synthetase determined by molecular dynamics simulations.
Carbamoyl phosphate synthetase (CPS) is a member of the amidotransferase family of enzymes that uses the hydrolysis of glutamine as a localized source of ammonia for biosynthetic transformations. Molecular dynamics simulations for the transfer of ammonia and ammonium through a tunnel in the small subunit of CPS resulted in five successful trajectories for ammonia transfer, while ammonium was immobilized in a water pocket inside the small subunit of the heterodimeric protein. The observed molecular tunnel for ammonia transport is consistent with that suggested by earlier X-ray crystallography and site-directed mutation studies. His-353, Ser-47, and Lys-202, around the active site center in the small subunit, function cooperatively to deliver ammonia from the site of formation to the interface with the large subunit, via the exchange of hydrogen bonds with a critical water cluster within the tunnel. The NH 3 forms and breaks hydrogen bonds to Gly-292, Ser-35, Pro-358, Gly-293, and Thr-37 in a stepwise fashion "macroscopically" as it travels through the hydrophilic passage toward the subunit interface. The potential of mean force calculations along the ammonia transfer pathway indicates a low free-energy path for the translocation of ammonia with two barriers of 3.9 and 5.5 kcal/mol, respectively. These low free-energy barriers are consistent with the delivery of ammonia from the site of formation into a water reservoir toward the exit of the tunnel and migration through the hydrophilic leaving passage, respectively. The high overall free-energy barrier of 22.4 kcal/mol for the transport of ammonium additionally substantiates that the tunnel in the small subunit of CPS is not an ammonium but an ammonia channel.